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DESCRIPTION 

GENE PARTICIPATING IN THE PRODUCTION OF 
HOMOGLUTAMIC ACID AND ITS USE 

\ This invention relates to gene manipulation, and more 
specifically, relates to a DNA containing a gene participating in the 
production of L-homoglutamic acid (also referred to as L-2-amino- 
Q 10 adipic acid or L-a-aminoadipic acid), and a production system of 

^gj L-homoglutamic acid (hereinafter, merely referred to as homo- 

If! glutamic acid) using it. 

t y 

W « , \k_ JA MEMM* OP THE REiATEb ART . 

q Background Art^ 

15 \ Homoglutamic acid is found widely in organisms such as 

HLI plants including Cholera vibrio as a bacterium and corn (Zea mavs) . 

5 

HI the embryos of frogs. Homoglutamic acid acts as an intermediate of 

Q 

,J: lysine biosynthesis in fungi, etc. and as a precursor in biosynthesis of 

P -lactam antibiotics. Further, homoglutamic acid is also useful as a 

20 synthetic intermediate of various medicines including methotrexate 
derivatives (WO 92/09436). 

Since preparation of homoglutamic acid by chemical 
synthesis needs optical resolution and multistage reaction, it is not a 
useful means from the aspect of costs. On the other hand, a process 

25 of preparing homoglutamic acid from L-lysine using a microorganism 
belonging to the genus Agrobacterium . Klebsiella . Alcaligenes . Brevi- 
bacterium or Bacillus is known (Japanese Laid-open Patent Publica- 
tion No. 6-181787). Part of the present inventors also proposed a 
process of preparing homoglutamic acid from L-lysine using a micro- 

30 organism belonging to the genus Flavobacterium (WO 96/ 31616). 
However, even in the process using such a microorganism, a process 



ATTACHMENT A 

J 



2 



capable of preparing homoglutamic acid more efficiently is desired 
earnestly. 

Thus, the present inventors aimed to reinforce the produc- 
tion system of homoglutamic acid in any of the above microorganisms, 
for example by gene manipulation. When a review of helpful informa- 
tion is made on the manipulation, for example, as part of researches 
of biosynthetic pathway of cephamycin C, are confirmed the presence 
of lysine-6-aminotransferase and L-A 1 -piperidine-carboxylate de- 
hydrogenase participating in conversion from L-lysine to a-amino- 
adipic acid (or homoglutamic acid) of Streptomvces clavuligerus as a 
cephamycin C-producing actinomycetes, and as to the former, the 
presence position of the gene encoding the enzyme, etc. (Fuente et 
al„ Biochem. J. (1997) 327, 59-64). 

As to Flavobacterium lute see ns (which was re-identified 
from Flavobacterium fuscum) IFO 3084 used in bioassay of L-lysine, it 
is known that 2-oxoglutarate 6-aminotransferase [or lysine 6-amino- 
transferase (hereinafter also referred to as LAT)] catalyzing the 
following pathway is present (Soda et al., Biochemistry 7 (1968), 
4102-4109, ibid. 4110-4119). 
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In the above bioassay, the absorbance of the product 
obtained by reacting piperidine-6-carboxylic acid (hereinafter, also 



referred to as P6C) with o-aminobenzaldehyde is measured. In 
another bioassay of L-lysine, the L-lysine 6 -dehydrogenase activity of 
Agrobacterium tumefaciens is utilized (Misono et al., J. Biochem. 
(Tokyo) 105 (1989), 1002-1008). 
5 The above IFO 3084 strain is commonly used in bioassay of 

L-lysine as mentioned above, and its use method is also established. 
Therefore, if the IFO 3084 strain had a gene encoding a protein 
having P6C (or, the 2-aminoadipic acid semialdehyde which is said to 
be in a quantitatively equilibrium state with P6C in a living body) de- 

p 10 hydrogenase (hereinafter, also merely referred to as dehydrogenase) 

■ ft 

™3 activity, in addition to LAT, the strain would be a candidate bacterium 

CP for gene cloning meeting the object of the present invention, namely 

ru 

fU the object to provide a gene participating in the production of homo- 

glutamic acid. 
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Disclosure of Invention ^ 



he present inventors have tried cloning of the lysine-6- 
H aminotransferase (LAT) gene (lat) of Flavobacterium lutescens and, 

according to circumstances, a gene encoding a protein having de- 
20 hydrogenase activity on P6C of the bacterium. However, as cloning 
methods regularly used for such a case, a method of obtaining a 
targeted gene from DNA consensus sequences between amino- 
transferases of other bacteria, and a method utilizing information 
obtained from the result of amino acid sequencing of a purified pro- 
25 tein, and the like have all failed in their early researches. 

However, unexpectedly, they have found that when the 
host-vector system finally selected by the inventor is used, a gene at 
least capable of participating in the production of homoglutamic acid, 
more specifically a gene encoding a protein having dehydrogenase 
30 activity on P6C can be cloned by shotgun cloning. They have also 



found that a modifier having a certain homology (or identity) to the 
gene also functions similarly. 

On the other hand, the above Soda et al., Biochemistry 7 
(1968), 4110-4119 discloses a process of obtaining crystalline LAT of a 
molecular weight of 116,000 from Achromobactor liquidum (= 
Flavobacterium lutescence), and Yagi et al., J. Biochem. 87 (1980), 
1395-1402 discloses that LAT from Flavobacterium lutescens is com- 
posed of four nonidentical subunits of A, Bl, B2 and C. Their early 
researches of cloning a gene encoding a protein having LAT activity 
utilizing the information obtained from the amino acid sequencing of 
the purified LAT protein, based on these descriptions, have failed. 
However, using a process entirely different from the processes 
described in these prior art references, the present inventors have 
purified proteins having LAT activity from Flavobacterium lutescens , 
have determined the amino acid sequences of the obtained proteins, 
and have cloned the objective genes utilizing these sequence infor- 
mations, and as a result they have succeeded in cloning a gene encod- 
ing LAT (lat). The invention is based on the above findings. 

Thus, according to the invention is provided an isolated 
pure DNA containing a gene participating in the production of homo- 
glutamic acid which gene can be obtained from a bacterium belonging 
to the genus Fla vob acte r ium lutescens . or a modifier which hybridizes 
with the gene under a stringent condition and has a function capable 
of recovering the homoglutamic acid-producing ability of a mutant 
which lacks the producing ability. 

More specifically, the gene participating in the production 
of homoglutamic acid is a DNA encoding partly or wholly at least one 
protein selected from the group consisting of a protein having LAT 
activity and a protein having dehydrogenase activity, or a modifier 
thereof. 
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The invention also relates to an autonomously replicative 
or integration replicative recombinant plasmid carrying the DNA, and 
a transformant obtained by transformation with the recombinant 
plasmid, and a process of producing homoglutamic acid using the 
5 transformant. 

Brief Description o^LDra wings 

Figure 1 is a drawing showing the analytical results by thin 
layer chromatography of homoglutamic acid production by mutants of 
□ 10 F. lutescens . St is standard homoglutamic acid (HG), Lanes 1 to 4, 

Lanes 5 to 7, Lanes 8 to 10, Lane 11, and Lanes 12 and 13 show the 



SI 



2 1 analytical results of the first mutants, the second mutants, the third 

m 

mutants, the wild type strain and the first mutants having plasmid 



p pCF704, respectively. 

15 Figure 2 is a graph showing the lysine 6-amino transferase 

(LAT) activity of mutants of F. lutescens . Wild, 1st, 2nd and 3rd show 
yrf the LAT activities of the wild type strain, the first mutant, the second 

p mutant and the third mutant, respectively. 

Figure 3 shows the results of analyses by thin layer chro- 
20 matography showing complementarity of homoglutamic acid produc- 
tivity of homoglutamic acid productivity-lacking mutants by plasmid 
pCF213. 

HG and Lys show the moved position of homoglutamic acid 
and the moved position of L-lysine, and St; 1st pCF213, 2nd pCF213 

25 and 3rd pCF213; Wild pCF213 and Wild pCF704; 1st pCF704 and 2nd 
pCF704; and 1st pCFlll are the results of TLC analyses of homo- 
glutamic acid standard substance; culture broths of the first, the 
second and the third mutants having pCF 213, respectively; culture 
broths of wild type strains having pCF 213 and pCF 704, respectively; 

30 culture broths of the first and second mutants having pCF 704, 



respectively; and culture broths of the first mutant having pCF 11 Ir- 
respectively. 

Figure 4 is a graph showing the productivity of homo- 
glutamic acid with time lapse of F. lute see ns IFO 3084 (pCF213) (in 
the drawing, represented by pCF213) and F. lutescens IFO 3084 
(pCF704) (in the drawing, represented by pCF704). 

Figure 5 is a graph showing the presence position ORF 
found based on the base sequence of the pCF213 insert region. 

Figure 6 is a graph showing relations between the elution 
fractions by the MonoQ HR5/5 column treatment in 3(6) of Example 2 
and the relative LAT activities. 

Figure 7 is a photograph in place of a drawing showing the 
results of Native PAGE (A) and SDS-PAGE (B) of the LAT active 
fractions using Multigel 4/20 and 10/20, in 3(7) of Example 2. In the 
drawing, M is a molecular weight marker, C represents the ultra- 
filtrate obtained in 3 (5) of Example 2, and the figures represent the 
respective fraction numbers. 

Figure 8 is a graph showing relative LAT activities in 
homoglutamic acid productivity-lacking mutants and wild type strains 
by various plasmids. 

Figure 9 is a graph showing the productivity of homo- 
glutamic acid with time lapse of F. lutescens IFO 3084 transformed 
with various plasmids. 

Specrifir JbimpoHini^Titft o f Invention ^ ~ 

As to origins of genes according to the invention, any 
strains of Flavobacterium lutescens (hereinafter, also referred to as 
F. lutescens) including spontaneous mutants so long as they can 
provide a gene participating in the production of homoglutamic acid 
which gene can be expressed, for example, in F. lutescens as a host. 



However, mentioned as preferred is the IFO 3084 strain which is easy 
to obtain and whose suitable handling conditions such as culture are 
established. 

The gene participating in the production of homoglutamic 
acid in the invention means any gene capable of participating in the 
two-stage conversion system from L-lysine to homoglutamic acid via 
P6C or 2-aminoadipic acid-6-semialdehyde which is chemically in an 
equilibrium relation with P6C (the former stage: LAT activity, the 
latter stage: dehydrogenase activity). First of all, as specific exam- 
ples of genes encoding a protein having dehydrogenase activity which 
is the latter conversion system, there can be mentioned genes which 
can be obtained using the host- vector system established by the 
present inventors based on the following strategy. 

Establishment of a suitable host- vector system of F. 
lutescens is necessary for carrying out the gene manipulation of F. 
lutescens . but therefor it is needed to solve the following three 
problems. 

(1) Obtain a replicon which can autonomously replicate in 
F. lutescens . 

(2) Obtain a drug resistance marker which can be ex- 
pressed and function in F. lutescens . 

(3) Establish a method of introducing a DNA into F. 

lutescens . 

Fortunately, the above problems (1) and (2) could be solved 
by finding that pBBR122, lately put on the market by Mo Bi Tec 
corporation, which autonomously replicates in a wide range of 
Gram-negative bacteria and has kanamycin and chloramphenicol 
resistance can be used. For solution of the above problem (3), first, it 
becomes a prerequisite that a method of introducing the plasmid 
pBBRl22 into F. lutescens is established. However, examination was 
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made based on the method of DNA introduction into E. coli by the 
electroporation method, as a result a colony of F. lute see ns grew in an 
L plate containing 20 jig/ml kanamycin, and by liquid culturing this 
and extracting plasmids by the alkali SDS method, it was confirmed 
5 that pBBRl22 was stably held in F. lutescens . Thus, the problem (3) 
was also solved. As to this host- vector system, it has itself been 
known that when other bacteria were used as a host, (a) transforma- 
tion efficiency is very high and (b) a DNA fragment of a suitable size 
can be inserted into pBBR122 (J. Bac. 178 (1996), 1053- 1060), but it 
q 10 was revealed that the above (a) and (b) are possible also in F. lute- 

Jrl scens, and further it was made possible to amplify the obtained gene 

in F. lute scens . and more over, it was also made possible to obtain a 
gene encoding a protein having dehydrogenase activity on P6C by 
shotgun cloning. For facilitating the operation, pCF704 in which the 
15 multicloning site of pUCl9 was introduced in place of the chlo- 
ramphenicol resistance gene of pBBR122 was prepared, and this was 
then used as a vector. 

Then, in order to establish a system for evaluating an 
obtained and amplified gene, mutation was induced in F. lutescens 
20 IFO 3084 with N-methyl-N'-nitro-N-nitrosoguanidine (NTG), and 

screening was made using an MEM plate (pH 7.0) containing eosin Y. 

Thus, the first mutant not producing homoglutamic acid at 
all, and the second and third mutants only slightly producing homo- 
glutamic acid were obtained. In the first mutant not producing 
25 homoglutamic acid at all, lat activity equal to the wild type strain was 
confirmed, and in the second and third mutants only slightly produc- 
ing homoglutamic acid, only slight lat activity was confirmed. Name- 
ly, there is a possibility that the first mutant is suffering some inju- 
ries to gene(s) other than lat participating in the production of homo- 
30 glutamic acid, and on the other hand the second and third mutants 



m 

ru 

UJ 
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Q 



are suffering some injuries at least to lat. 

Then, the genome DNA of the wild type strain was partly 
digested with Sau IIIAL and the 6-8 kbp fragments were inserted into 
the Bam HI site of pCF704, respectively, to prepare a DNA library. 
These plasmids were introduced into the first, second and third 
mutants, respectively, and strains which recovered homoglutamic 
acid-producing ability were screened. In this occasion, a method was 
used which comprises collecting colonies blackened in a MEM plate 
(pH 7.0) containing eosin Y, used for the screening of the mutants, 
and confirming homoglutamic acid-producing ability thereof by TLC. 
As representable ones of these mutants, the second mutant (Flavo- 
bacterium lute see ns 2nd mutant) was deposited on July 6, 1998 with 
National Institute of Bioscience and Human Technology, Agency of 
Industrial Science and Technology, and has been assigned an acces- 
sion number of FERM P- 16874, and the first mutant (Flavobacterium 
lute see ns 1st mutant) was deposited on June 10, 1999 with the Insti- 
tute, and has been assigned an accession number of FERM P-17419, 
and these strains are kept there. These FERM P- 16874 strain and 
FERM P-17419 strain were transferred on July 26, 1999 on their 
deposition to the international deposition authority on Budapest 
Treaty in the Institute, and have been assigned accession numbers of 
FERM BP-6798 and FERM BP-6799, respectively. 

As a result, a strain having a plsmid complementing the 
productivity of homoglutamic acid of the first mutant and a strain 
having a plsmid partly complementing the productivity of homo- 
glutamic acid of the second mutant were obtained. However, the 
plasmids of these strains, particularly plasmid of the strain com- 
plementing the second mutant were liable to be deleted, and further 
screening for obtaining a stable plasmid has been needed. As a result 
of DNA fragment analysis with restriction enzyme treatment, it was 
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revealed that the thus obtained plasmid designated pCFlll which 
complements the first mutant and partly complements the second 
mutant and the plasmid designated pCF213 were apparently quite the 
same plasmid. 

On the other hand, pCFlll and pCF213 were re-trans- 
formed into the first, second and third mutants, respectively, and 
homoglutamic acid-producing ability was checked. As a result, both 
plasmids complemented the first mutant, but only partly comple- 
mented the second and third mutant. 

Based on the complementation test, it was revealed that in 
a plasmid sufficiently recovering the homoglutamic acid-producing 
ability of a homoglutamic acid productivity-lacking mutant, a gene 
participating at least in the production of homoglutamic acid, more 
specifically some gene other than lat is present. 

^J[_ ThW not limited thereto, but as one of the "genes partici- 

patiilg in the production of homoglutamic acid", there can be men- 
tioned a gene whioh is contained in the insert part of plasmid pCF213 
and encoding a protein having dehydrogenase activity. For example, 
this gene is present in\the sequence shown in SEQ ID NO: 2. 

On the other hand, a gene participating in the former 
conversion, namely encoding a protein having LAT activity according 
to the invention can be cloned as follows. 

F. lute see ns is cultured under a certain culture condition, 
the obtained strain is fractured, the fracture dispersion is centrifuged 
to remove the fractured cells, and from the thus obtained cell extract, 
the desired protein is isolated and purified by ultracentrifugaztion 
treatment, ammonium sulfate precipitation, desalting, ion exchange 
column chromatography, affinity column chromatography, ultra- 
filtration, electrophoresis, etc. 

From the analytical results of the N-terminus amino acid 
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sequence of the purified protein, DNA primers are designed, and PCR 
is carried out on the genome DNA of F. lutescens (IFO 3084) strain. 
Based on the DNA fragment amplified by PCR further PCR is carried 
out, and thereby the neiborhood region of both outer sides of the 
DNA fragment is obtained. Thus, a DNA encoding the desired pro- 
tein of the invention is obtained. 

Thus, it becomes possible to provide a DNA encoding a 
protein having LAT activity as another gene participating in the 
production of L- ho mo glutamic acid. Namely, as another gene of the 
invention, there can, for example, be mentioned one having a se- 
quence composing the coding region of the base sequence of SEQ ID 
NO: 1. The N-terminus of the corresponding purified protein is Ser 
as shown in SEQ ID NO: 1, but it is considered that N-terminal Met is 
processed after translation. 

Further, the DNA containing a gene participating in the 
production of homoglutamic acid according to the invention includes a 
DNA containing at least one each of the gene encoding a protein 
having dehydrogenase activity and the gene encoding a protein having 
LAT activity. 

In addition, the gene referred to in the invention also 
includes a modifier of both above genes which has a base sequence 
hybridizing with one of both genes under a certain hybridization 
condition, for example, under a stringent condition, at 60°C in 2XSSC 
(in standard citic acid saline), preferably at 60°C in 0.5 X SSC, particu- 
larly preferably at 60°C in 0.2 X SSC, and has a function capable of 
recovering the homoglutamic acid-producing ability of a mutant of F. 
lutescens lacking the producing ability. 

More specifically, a modifier of a gene encoding a protein 
having dehydrogenase activity is one showing at least 70 % of identity 
with the base sequence of from base 2855 to base 4387 in SEQ ID NO: 



2, and a modifier of a gene encoding a protein having LAT activity is 
one showing at least 50 %, preferably 70 %, more preferably 95 % of 
identity with the base sequence of from base 545 to base 2658 (coding 
region) in SEQ ID NO: 1. 

Such modifiers include one wherein base(s) is/are removed 
or added or part of the bases is replaced with other base(s), at the 
5 f -terminus or 3 f -terminus or halfway of one of both the above se- 
quences. The modifier wherein part of the bases is replaced with 
other base(s) also includes a modifier which encodes the same protein 
but has a base sequence different from those of both the above genes 
because of degeneracy of genetic code. 

It is recommended to make the substitution of base other 
than substitution followed by degeneracy of genetic code, considering 
estimated amino acid sequences encoded by both the above genes, so 
as to have a similar shape as the whole of protein, based on similarity 
of the side chain of each amino acid, for example hydrophobicity, 
hydrophilicity, charge, size, etc. Thus, a modifier having a function 
equal to the function of one of both the above genes, namely a func- 
tion capable of recovering the homoglutamic acid-producing ability of 
a mutant of F. lutescens which lacks the producing ability will be 
obtained in a considerably high probability. 

The modifier according to the invention can be synthesized 
using a nucleic acid synthesizer or prepared by per se known point 
mutagenesis or site-directed mutagenesis, considering the base 
sequences of both the above genes or estimated amino acid sequences 
encoded by them. 

According to the invention, a recombinant plasmid carrying 
the above gene or modifier can also be provided. Such a plasmid can 
be autonomously replicative one containing, besides the above gene or 
modifier, an autonomously replicative sequence, a promoter se- 
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quence, a terminator sequence, a drug resistance gene, etc. Further, 
the plasmid can be integration type plasmid containing a sequence 
homologous to a certain region of the genome of the host intended to 
be used. As an example of the autonomously replicative recombinant 
5 plasmid carrying a DNA containing a gene encoding a protein having 
dehydrogenase activity, there can be mentioned a plasmid pBBRl22, 
or one comprising plasmid pBBRl22 having inserted in a certain site 
thereof a multicloning site or having substituted a multicloning site 
for the certain site or region and having inserted the above gene or 

10 modifier using the multicloning site. As specific examples of such 
plasmids, there can be mentioned ones designated plasmids pCFlll 
and pCF213 in the specification. pCF213 can be obtained by a per se 
known plasmid isolation method from Flavobacterium lute see ns IFO 
3084 (pCF213) which was deposited on March 11, 1998 with National 

15 Institute of Bioscience and Human Technology, Agency of Industrial 
Science and Technology, and has been assigned an accession number 
of FERM P- 16699, and then transferred to international deposition on 
Budapest Treaty, and has been assigned an accession number of 
FERM BP-6797. A recombinant plasmid carrying a DNA containing a 

20 gene encoding a protein having LAT activity and a recombinant 
plasmid carrying a DNA containing both genes can also be con- 
structed in the same manner as in the pCF213. 

According to the invention, there can further also be 
provided a transformant obtained by transforming a bacterium 

25 belonging to the genus Flavobacterium as a host with the above 

recombinant plasmid. As the host bacterium belonging to the genus 
Flavobacterium , any strain of any species can be used so long as it 
meets the object of the invention, but as preferred ones, there can be 
mentioned F. lutescens IFO 3084 and F. lutescens SP.7-1 (FERM 

30 BP-5457). 
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Thus, as a specific example of the above transformant, 
there can be mentioned one obtained by transforming F. lutescens 
IFO 3084 or F. lutescens SP.7-1 with pCF213, and F. lutescens IFO 
3084 (pCF213) is deposited as the FERM BP-6797 with the interna- 
tional deposition authority of National Institute of Bioscience and 
Human Technology. 

According to the invention, a process of producing homo- 
glutamic acid using the transformant is also provided. In the process, 
the transformant in a medium grown by culture is contacted with 
L-lysine or in some case P6C (or 2-aminoadipic 6-semialdehyde) as a 
starting material, or the starting material is contacted with a grown 
transformant or treated cells thereof (e.g., cells treated with an 
organic solvent, a cell extract, immobilized treated cells) to convert 
the starting material to homoglutamic acid. 

As carbon sources of the medium, any carbon sources can 
be used so long as they are utilizable by the transformant, and when 
F. lutescens is used as a host, there can, for example, be used saccha- 
rides such as glucose, fructose, sucrose and dextrin, sugar alcohols 
such as glycerol and sorbitol, and organic acids such as fumaric acid 
and citric acid, and it is desirable that the addition amount of these 
carbon sources is, usually, on the order of 0.1 to 10 % by weight 
(hereinafter, abbreviated as %). 

As nitrogen sources of the medium, there can, for example, 
be used ammonium salts of inorganic acids such as ammonium chlo- 
ride, ammonium sulfate and ammonium phosphate, ammonium salts 
of organic acids such as ammonium fumarate and ammonium citrate, 
and further natural nitrogen sources such as meat extract, yeast 
extract, corn steep liquor and casein hydrolyzate, and it is desirable 
that the addition amount of these nitrogen sources is, usually, on the 
order of 0.1 to 10 %. 
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As inorganic salts, there can, for example, be used alkaline 
metal salts of phosphoric acid such as potassium phosphate and 
sodium phosphate, alkaline metal chlorides such as potassium chlo- 
ride and sodium chloride, and metal salts of sulfuric acid such as 
magnesium sulfate and ferrous sulfate, and it is desirable that the 
addition amount of these inorganic salts is, usually, on the order of 
0.001 to 1 %. 

Among them, liquid culture using a usual growth medium 
for bacteria is preferred, and glucose, maltose, starch, etc., as carbon 
sources and ammonium sulfate, peptone, yeast extract, soybean meal, 
etc., as nitrogen sources are particularly effective. In addition, 
potassium phosphate, magnesium sulfate, table salt, etc., are usually 
used as inorganic salts. 

It is recommended that the culture of the microorganism 
is carried out in such a medium at 20 to 40°C, preferably 28 to 37°C 
and at a pH of 5 to 9, preferably 6 to 8 under an aerobic condition. 

The contact during the culture of the grown transformant 
with the starting material is carried out by previously adding the 
starting material in the medium or appropriately adding the starting 
material during the culture. The contact can also be carried out, 
after completion of the culture, by stirring or shaking the collected 
cells or treated cells and the starting material in a medium or a 
suitable buffer, if necessary with addition of suitable coenzymes, etc., 
in a reactor, or by flowing a starting material-containing matter onto 
immobilized cells. 

The case where the transformant and L-lysine are con- 
tacted during the culture is taken as an example, and it is more 
specifically described below. The transformant is inoculated into a 
medium and cultured, for example, at 20 to 40°C for 12 to 120 hours 
to obtain a cultuer broth of the strain containing 10 6 to 10 10 microor- 
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ganisms as the transformant per ml. The starting material L-lysine 
as a solution in water or an auxiliary solvent or L-lysine as such 
without being dissolved is added so that the final concentration may 
usually be 0.5 to 30 mg/ml, and reaction is carried out usually at 20 to 
40°C for 18 hours to 7 days, preferably 18 hours to 5 days. Then, 
homoglutamic acid can be obtained by ordinary purification methods, 
for example, various ion exchange chromatography using cation 
exchange resins, anion exchange resins, etc., adsorption chromatogra- 
phy using HP20, etc., precipitation or crystallization utilizing solvents 
and temperature, and the like. 

The shape and addition time of L-lysine to be added is not 
particularly limited, but preferably L-lysine is used as monohydro- 
chloride in view of solubility, and it can be added at the start of 
culture or during the culture, e.g. in 1st to 5th day. 

According to the invention is provided a DNA containing a 
gene participating in the production of homoglutamic acid which gene 
converts L-lysine to homoglutamic acid. This DNA is useful in a 
microbiological production process of homoglutamic acid. According 
to the invention are also provided a process of producing homo- 
glutamic acid by a transformant capable of producing homoglutamic 
acid efficiently, and its use. 

Hereinafter, the invention is further detailedly described 
by specific examples. These specific examples are provided for 
facilitating the understanding of the invention, and it is not intended 
to restrict the invention to them. 

Example 1 

Cloning of a gene encoding a protein having dehydrogenase 
activity, etc. 
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1. Obtention of a homoglutamic acid-not producing strain 

F. lutescens IFO 3084 strain was inoculated into 3 ml of L 
medium (1.0 % polypeptone, 0.5 % yeast extract, 0.5 % NaCl, 0.1 % 
glucose, pH 7.2), and shaking cultured at 32°C overnight. 100 jxl of 
5 the culture broth as an inoculum was inoculated into 50 ml of L 
medium, and shaking cultured at 32°C for 4.5 hours. The cells were 
collected from this culture broth by centrifugation of 5,000 X g for 10 
minutes, washed once with 0.2 M phosphate buffer (pH6.0), and 
suspended in 6 ml of 0.2 M phosphate buffer (pH6.0). 50 pi of 80 
O 10 mg/ml NTG was added to this cell suspension, and shaking culture 

SI was carried out at 32°C for 20 minutes. Cells collected from this 

fy culture broth were washed once with 0.2 M phosphate buffer (pH 6.0), 

fi and the whole amount was inoculated into 50 ml of L medium and 

w 

Q shaking cultured at 32°C overnight. 500 ^1 portions of this culture 

s 

Q 15 broth were poured, respectively, 500 \il portions of 60 % glycerol 

solution were added, and the mixtures were well mixed, respectively, 
and then freeze stored at -70°C. The freeze stored mixtures are 
referred to as mutant storage suspensions. 

This mutant storage suspension was 10 6 -fold diluted with 
20 0.85 % NaCl, and 100 \il portions of the dilution were smeared on 
MEM agar media (0.5 % polypeptone, 0.2 % yeast extract, 1.0 % 
lysine-HCl, 0.006 % Methylene Blue, 0.04 % eosin Y and 1.5 % agar, 
pH 7.2) in 8-cm Petri dishes, and culture was carried out at 32°C for 3 
days. White colonies among the grown colonies were inoculated into 1 
25 ml portions of a screening medium (1.0 % polypeptone, 0.2 % yeast 
extract, 1.0 % lysine-HCl, pH 7.2), and shaking cultured at 32°C for 2 
days. 3 jil of each culture was transferred to a silica gel TLC plate, 
and dried. This plate was developed with a solvent system consisting 
of butanol, acetic acid and water (3:1:1), and subjected to ninhydrin 
30 coloring, and thereby each lane was checked for the presence or 
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absence of homoglutamic acid. Thus, from the mutants were sepa- 
rated the first mutant (FERM BP -6799) not producing homoglutamic 
acid at all, and the second mutant (FERM BP-6798) and the third 
mutant producing just a bit amount of homoglutamic acid. The 
results obtained by checking these mutants for the ability of conver- 
sion of from L-lysine to homoglutamic acid (or productivity of homo- 
glutamic acid) by TLC analysis are shown in Figure 1. In Figure 1, 
homoglutamic acid is represented by HG (this is also the case with 
other drawings). The results of assay of LAT activity on these mu- 
tants are shown in Figure 2. 

2. Construction of a host- vector system and a transformation system 
F. lutescens IFO 3084 strain was inoculated into 3 ml of L 
medium, and shaking cultured at 32°C overnight. 100 pi of the cul- 
ture broth as an inoculum was inoculated into 50 ml of L medium, and 
shaking cultured at 32°C for 4.5 hours. The cells were collected from 
this culture broth by centrifugation of 5,000 X g for 10 minutes, wash- 
ed once with 10 % glycerol solution, and suspended in 3 ml of 10 % 
glycerol solution. 200 \il portions of this suspension were poured, and 
freeze stored at -70°C. The freeze stored suspensions are referred to 
as Electrocell storage suspensions. This storage suspension was 
thawed on ice, and 1 pi of a solution of 200 pg/ml of Broad Host Range 
Vector pBBRl22 (Mo Bi Tec inorporation) in TE was added. The 
mixture was put in 0.2-cm Electrocuvette (BIORAD incorporation), 
electric pulse was once given under a condition of 2.4 kV, 200 Q and 
25 ^iF using Gene Pulser II (BIORAD incorporation). Then the cells 
were put in a Falcon tube, 1 ml of ice-cooled L medium was added, 
and shaking culture was carried out at 32°C for 2 hours. The culture 
broth was smeared on L agar medium (1.0 % polypeptone, 0.5 % yeast 
extract, 0.5 % NaCl, 0.1 % glucose, 1.5 % agar, pH 7.2) containing 20 
Hg/ml kanamycin, and cultured at 32°C for 3 days. A transformant of 
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a number of 2.4 X 10 5 was obtained. 

3. Construction of a plasmid pCF704 

A primer having an Eco RI site and a primer having an 
Ncol site were synthesized (Pharmacia incorporation), and the 
muticloning site and 95 bp of its neiborhood region of pUCl8 were 
amplified, using Taq polymerase (Pharmacia incorporation) and PCR 
Thermal Cycler PERSONAL (Takara company). This DNA fragment 
was digested with restriction enzymes Eco RI and Ncol, and the 
digested product was ligated to the EcoRI and Ncol sites of pBBRl22 
using Ligation Kit version 2 (Takara company). An E. coli competent 
cell JM109 (Takara company) was transformed with this reaction 
mixture, and from the resulting transformant, a plasmid pCF704 was 
prepared using QIAGEN Plasmid Midi Kit. 

4. Construction of a plasmid pCF2 13 

The genome DNA of F. lutescens IFO 3084 strain was 
extracted and purified according to QIAGEN Blood and Cell Culture 
DNA Kit. This genome DNA was partly decomposed with a restric- 
tion enzyme Sau IIIAL and the resulting 6 to 8 kbp fragments were 
cut out from agarose gel, and DNAs were recovered and purified 
using Ultrafree C3 Unit 0.45 \im (Millipore corporation) and dissolved 
in TE solution. The resulting solution is referred to as Insert DNA 
solution. On the other hand, pCF704 was digested with a restriction 
enzyme BamHI. and the digest was dephosphorylated with alkaline 
phosphatase. The resulting digest and Insert DNA solution were 
subjected to ligation reaction using Ligation Kit version 2 (Takara 
company), and the reaction mixture was used as a DNA library. 

This DNA library was added to the Electrocell storage 
suspension of the second mutant, and electric pulse was given. The 
resulting cells were put in a Falcon tube, 1 ml of ice-cooled L medium 
was added, and shaking culture was carried out at 32°C for 2 hours. 
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The whole amount of this culture broth was inoculated into 50 ml of L 
medium containing 20 ng/ml kanamycin, and shaking culture was 
carried out at 32°C for 2 days. 500 fil portions of the culture broth 
were poured, respectively, and 500 p.1 portions of 60 % glycerol solu- 
tion were added and well mixed, respectively, and the mixtures were 
freeze stored at -70°C. The freeze stored mixtures are referred to as 
complementary strain storage suspensions. 

This complementary strain storage suspension was 10 - 
fold diluted with 0.85 % NaCl, and 100 pi portions of the dilution were 
smeared on MEM agar media of pH 7.0 (0.5 % polypeptone, 0.2 % 
yeast extract, 1.0 % lysine-HCl, 0.006 % Methylene Blue, 0.04 % eosin 
Y and 1.5 % agar, pH 7.0) in 8-cm Petri dishes, and culture was 
carried out at 32°C for 3 days. The black parts of the cells grown on 
the whole surfaces are referred to as complementary strain mixture 
cells. The respective complementary strain mixture cells were inocu- 
lated into 3 ml portions of the screening medium, and shaking cul- 
tured at 32°C for 2 days. 3 pi portions of each of the culture broths 
were added dropwise on each lane of a silica gel TLC plate, and dried. 
This plate was developed with a solvent system consisting of butanol, 
acetic acid and water (3:1:1), and subjected to ninhydrin coloring, and 
thereby each lane was checked for the presence or absence of homo- 
glutamic acid. Thus, complementary strain mixture cells recovering 
homoglutamic acid-producing ability were selected and separated into 
single colonies, and strains recovering homoglutamic acid-producing 
ability were selected, and they were referred to as complementary 
strains. One of plasmids prepared from these complementary strains 
using QIAGEN Plasmid Midi Kit was named pCF213. About 6.5 kbp 
of an insert DNA was inserted into pCF213. Together with the com- 
plementarity of a separately obtained plasmid pCElll on each mu- 
tant, the complementarity of the above pCF213 was examined, and 
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the results are shown in Figure 3. 

5. Enhancement of homoglutamic acid -producing ability by pCF213 

A strain obtained by transforming a wild type F. lute see ns 
IFO 3084 strain with pCF704 was designated Wild pCF 704 strain, and 
a strain obtained by transforming a wild type F. lutescens IFO 3084 
strain with pCF213 was designated Wild pCF 213 strain. Each of both 
strains was inoculated into 3 ml of the screening medium containing 
20 jig/ml kanamycin, and shaking cultured at 32°C overnight. 100 pi 
portions of each of the culture broths as inoculums were inoculated 
into 25 ml portions of a production medium (1.5 % polypeptone, 0.5 % 
yeast extract, 2.0 % lysine-HCl, pH not adjusted), and shaking cul- 
tured at 32°C for 24 hours, 48 hours and 72 hours, respectively. The 
supernatant of each of the culture broths were assayed for the 
amount of homoglutamic acid by HPLC. Namely, the culture broth 
was diluted with distilled water so that the total amino acid concen- 
tration got to be on the order of 1,000 mg/L, and 50 pi of the dilution 
was transferred to a test tube and concentrated to dryness under 
reduced pressure. 50 pi of a solution obtained by mixing phenyl 
isothiocyanate, triethylamine, ethanol and distilled water in 1:1:7:2 
was added thereto, and the mixture was stirred to dissolve the resi- 
due, left alone at room temperature for 10 minutes, and concentrated 
to dryness under reduced pressure. The residue was dissolved in 500 
pi of Solution A as the mobile phase of HPLC, and 5 pi of the solution 
was injected. The HPLC condition is shown below. 

Column: TSK-GEL super-ODS 4.6ID X 50 mm 
Mobile phase: 

Solution A Mixture of a solution obtained by 
adjusting 140 mM sodium acetate-0.05 % tri- 
ethylamine to pH 6.2 with glacial acetic acid : 
acetonitrile in 1,000 : 40 
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Solution B 70 % acetonitrile 
Flow rate: 2.0 ml/min 

Elution condition: gradient of a fixed flow rate, linear 

gradient of from 2 % to 40 % of Solution B in from 
0 to 7 minutes, 100 % of Solution B in more than 7 
minutes 

Detection: UV 254 nm 

Temperature: 40°C 

Under these conditions, the retention time of homo- 
glutamic acid was 1.3 minutes, and that of lysine was 7.7 minutes. 

As is seen from the results shown in Figure 4, the wild type 
pCF213 strain has homoglutamic acid-producing ability 1.5 times 
higher than that of the wild type pCF704 strain. 

6. Determination of the gene base sequence of the pCF 213 insert 
region 

The base sequence of the pCF 213 insert region was deter- 
mined according to the primer walking method using ABIPRISM 
377XL DNA Sequencer (Perkin Elmer corporation). This base se- 
quence is shown in SEQ ID NO: 2. 

The open reading frame (ORF) on the determined base 
sequence was determined using the method of Bibb et al.(Gene 30, 
157 (1984)). As a result, ORF shown in Figure 5 was found. 

7. Analysis of the Not I site of about 2.5 kbp in the pCF213 insert 
region 

Analysis of the Not I site of about 2.5 kbp (the base se- 
quence of from 2077 to 4578 in SEQ ID NO: 2) in the pCF213 insert 
region was carried out. This Not I site of about 2.5 kbp was cut out 
from the agarose gel, and the DNA was recovered and purified using 
Ultrafree C3 Unit 0.45 fim (Millipore corporation) and dissolved in TE 
solution, and the termini were blunted according to DNA Blunting Kit 
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(Takara company), and the resulting solution was referred to as 
Insert DNA solution. On the other hand, pCF704 was digested with a 
restriction enzyme Hind i and then dephosphorylated with alkaline 
phosphatase. This and Insert DNA solution were subjected to ligation 
reaction using Ligation Kit version 1 (Takara company). F. lutescens 
IFO 3084 strain was transformed with this reaction mixture, and a 
plasmid pCF235 was prepared from the transformant using QUI- 
AGEN Plasmid Midi Kit. 

The first mutant transform with pCF235 was inoculated 
into 3 ml of the screening medium, and shaking cultured at 32°C for 2 
days. 3 fxl portions of this culture broth were added dropwise on each 
lane of TLC silica gel plate and dried. This plate was developed with a 
solvent system consisting of butanol, acetic acid and water (3:1:1) and 
sujected to ninhydrin coloring, and each lane was checked for the 
presence or absence of homoglutamic acid. As a result, it was re- 
vealed that the first mutant transformed with pCF235 recovered 
homoglutamic acid-producing ability. 

In the DNA sequence of about 2.5 kbp integrated into 
pCF235 was present an ORF encoding 510 amino acids starting from 
ATG of 2855th of the base sequence of SEQ ID NO: 2 and ending in 
TAA of 4387th. This amino acid sequence was subjected to homology 
search by BLAST, and as a result, showed high homology with various 
aldehyde dehydrogenases, and further showed high homology with the 
amino acid sequence of piperidine-6-carboxylic acid dehydrogenase of 
Streptomyces dlavuligerus lately registered with database (J. Baa, 
Vol.180, No. 17, 4753-4756 (1998)) over the whole amino acid sequence. 
Taking it into account that the first mutant transformed with pCF235 
recovered homoglutamic acid-producing ability and that the homo- 
glutamic acid-producing ability of the wild type pCF213 strain was 
heightened, the protein encoded by this ORF can be regarded as 
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having piperidine-6-carboxylic acid dehydrogenase. 
Example 2 

Cloning of a gene encoding a protein having LAT activity, etc. 

1. Assay of LAT activity 

Lysine-HCl (73 mg) and 59 mg of 2-ketoglutaric acid were 
dissolved in 1 ml of 0.2 M phosphate buffer (pH 7.3) containing 0.5 
mM pyridoxal phosphate, and the solution was referred to as reaction 
solution. The reaction solution (28.75 jil) was added to 260 ^il of the 
enzyme solution, and the mixture was left alone at 32°C for 1 hour. 
151.8 jil of a solution of 5 % trichloroacetic acid in ethanol was added 
to discontinue the reaction, the reaction mixture was centrifuged, 90 
III of 0.2 M phosphate buffer (pH 7.3) containing 4 mM o-aminobenz- 
aldehyde was added to 60 jil of the supernatant, and the mixture was 
left alone at 37°C for 1 hour. The mixture was assayed for A465, and 
the fractions having relatively high A465 were referred to as LAT 
active fractions. 

2. Culture of strain 

F. lutescens IFO 3084 strain was shaking cultured at 32°C 
overnight. The culture broth (50 ml) as an inoculum was inoculated 
into 10 L of flavo-M9 medium (0.6 % Na 2 HP0 4 , 0.3 % KH 2 P0 4 , 0.1 % 
NH 4 C1, 0.2 % NaCl, 1.0 % polypeptone, 0.5 % yeast extract, 0.5 % 
lysine-HCl, 0.005 % silicone KM75, 0.025 % MgS0 4 , 0.0015 % CaCl 2 , 
pH 7.2) in 30 L jar fermenter, and aeration stirring cultured for 17 
hours. The resulting culture broth (5 L) was centrifuged (1,000 X g, 10 
minutes) to collect the cells, and the cells were washed twice with 0.01 
M phosphate buffer (pH 7.2). The cells were suspended in the same 
buffer and subjected to ultrasonic fracture. The fractured cells were 
removed by centrifugation (1,000 X g, 10 minutes) to obtain a cell 
extract. The cell extract was ultracentrifuged (16,000 X g, 90 min- 
utes), and the supernatant fraction was subjected to the following 
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purification operations. 
3. Purification of enzyme 

All the following purification operations were carried out 
at 4°C, unless otherwise noted. 

(1) Ammonium sulfate fractionation 

The supernatant fraction (600 ml) obtained in Example 1 
was purified by ammonium sulfate precipitation. The precipitates 
formed in the fractions of from 30 % saturation to 80 % saturation 
were collected by centrifugation (1,000 Xg, 30 minutes), and dissolved 
in 0.01 M phosphate buffer (pH 7.2), and the solution was dialyzed 
against the same buffer. 

(2) Desalting 

The dialyzed enzyme solution (10 ml) was poured on 4 
PD10 columns (Amasham Pharmacia) and eluted and desalted with 
0.1 M Tris-HCl buffer (pH 7.4) containing 0.5 mM pyridoxal phos- 
phate. 

(3) QAE-TOYOPEAL550C column chromatography 

The desalted enzyme solution was poured on QAE- 
TOYOPEAL550C (TOSOH) column (<t> 5.5 x 6.0 cm) previously equili- 
brated with 0.1 M Tris-HCl buffer (pH 7.4) containing 0.5 mM pyri- 
doxal phosphate, washed with the same buffer, and eluted by 2 L of 
sodium chloride linear gradient (0 to 1.0 M) using the same buffer, 
and LAT active fractions were collected. 

(4) Phenyl-TOYOPERL650S column chromatography 

1 M ammonium sulfate was added to the LAT active 
fractions, and the mixture was poured on Phenyl-TOYOPERL650S 
(TOSOH) column (4> 5.5 X 3.0 cm) previously equilibrated with 0.01 M 
phosphate buffer (pH 7.2) containing 0.5 mM pyridoxal phosphate and 
1 M ammonium sulfate, and eluted with 1,200 ml of ammonium 
sulfate gradient (0.8 to 0 M) using the same buffer, and LAT active 
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fractions were collected. 

(5) Ultrafiltration 

The LAT active fractions (150 ml) were ultrafiltered with 
ADVANTEC UP-20 to make the volume 15 ml. This concentrate (2.5 
5 ml) was poured on PD10 column (Amasham Pharmacia), and eluted 
and desalted with 0.1 M Tris-HCl buffer (pH 7.4). 

(6) AKTA MonoQ HR5/5 column chromatography 

The desalted enzyme solution (3.5 ml) was poured on 
MonoQ HR5/5 column of AKTAexplorer 10S System (Amasham 
v £ 10 Pharmacia) previously equilibrated with 0.1 M Tris-HCl buffer (pH 

7.4), washed with the same buffer, and eluted with 40 ml of sodium 
chloride linear gradient (0 to 0.4 M) using the same buffer, and LAT 
active fractions were collected. The LAT active fractions (5 ml) were 
desalted with PD10 column, and subjected to MonoQ HR5/5 column of 
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Relations between each fraction and relative LAT activity are shown 

in Figure 6. 

(7) Electrophoresis 

The LAT active fractions were subjected to Multigel 4/20 
20 and 10/20 (Daiichi Kagaku Yakuhin Co., Ltd.) and Native-PAGE and 

SDS-PAGE were carried out, and the results are shown in Figure 7. 

As to the LAT active fractions, a band was observed at a molecular 

weight of around 100,000 in Native-PAGE and a band was observed at 

a molecular weight of around 55,000 in SDS-PAGE. A PVDF mem- 
25 brane was blotted with the band of a molecular weight of around 

55,000 in SDS-PAGE using PhastTransfer (Amasham Pharmacia). 

4. Analysis of N-terminus amino acid sequence 

sdo P&7 Analysis df N-terminus amino acid sequence of the band 

subjected to the bloumig was carried out by Edman degradation 
30 method using HP Gl0fc>5A Protein Sequencing System (HEWLETT 
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PACKARDX As a result, it was revealed that the N-terminus amino 
acid sequenc^was 

SLLAPLAPLRAHAGTRLTQG. 
Based on this, DNA primers 

NmaRbut CCYTGIGTIARICKIGTICCIGCRTGIGCICG 
NmaRiA CCIGCRTGIGCICGIARIGGIGCIARIGGIGC 
were designed, and F?CR was carried out on the genome DNA of F. 
lutescens IFO 3084 stWin using LA PCR in vitro cloning KIT (Takara 
Company). The PCR reaction condition was 30 cycles of 94°C, 30 
seconds — ► 55°C, 2 minutes jfc* 72°C, 1 minute. As a result, a PCR 
amplification fragment of ahout 400 bp containing the above terminus 
and its upstream region was\pbtained. Based on this sequence, its 
neighborhood region was obtained using PCR. Namely, the genome 
DNA of F. lutescens IFO 3084 strain was digested with restriction 
enzymes PstI and Sai l, respectively, and the digests were subjected, 
respectively, to self- ligation reaction using Ligation Kit version 2 
(Takara Company), and the resulting DNAs were used as template 
DNAs. \^ 
Based on these template DNAs, DNA primers 

NIFout ttgatttgag cagattcgca ctgccattt (SEQ ID NO: 3) 
NIRout aaggttttcg acaaagtgac>catttccca (SEQ ID NO: 4) 
were designed, and PCR was carried out using LA Taq (Takara Com- 



pany). The PCR reaction condition was 30 cycles of 98°C, 20 seconds 
— » 68°C, 6 minutes. As a result, a PCR amplification fragment of 
about 2 kbp was obtained from the Pst I template and a PCR amplifi- 
cation fragment of about 8 kbp from the Sail template. The base 
sequence was determined by the primer walking method using 
ABIPRISM 377XL DNA Sequencer (Perkin Elmer corporation) on 
these PCR amplification fragments. This base sequence is shown in 
SEQ ID NO: 1. 
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5. Construction of plasmids pCF301 and pCF335 

The following DNA primers wherein the PstI sites of base 
545 and base 2658 of SEQ ID NO: 1 were converted to Kpnl and SacI 
sites, respectively, 

ctggtaccgc tcgatccggc tctgcaccgt (SEQ ID NO: 5) 

ctggagctca ggcaggtgcg ggccacgtgt (SEQ ID NO: 6) 
were prepared, and PCR reaction was carried out using these primers 
to amplify the lat gene region. The amplified fragment of about 2.1 
kbp was digested with restriction enzymes Kpnl and Sac I. and the 
resulting solution was referred to as Insert DNA solution. On the 
other hand, pCF704 was digested with restriction enzymes Kpn l and 
SacI, and the digest and Insert DNA solution were subjected to 
ligation reaction using Ligation Kit version 2 (Takara company), and 
the resulting plasmid was referred to as pCF301. Further, pCF301 
was digested with restriction enzymes Kpn l and SacI, and the 2.1 kbp 
fragment was cut out from agarose gel, and this and the digest of 
pCF235 with restriction enzymes Kpnl and Sac I were subjected to 
ligation reaction, and the resulting plasmid was named pCF335. 

6. Complementation of LAT activity by plasmid pCF301 

A mutant obtained by transforming the second mutant 
with pCF704 was designated 2nd pCF704 strain, and a mutant ob- 
tained by transforming the second mutant with pCF301 was desig- 
nated 2nd pCF301 strain. These strains were shaking cultured at 
32°C overnight. Each (30 ^il) of the culture broths as an inoculum was 
inoculated into 3 ml of a production medium (1.5 % polypeptone, 0.5 
% yeast extract, 2.0 % lysine-HCl, pH not adjusted) in a cen- 
trifugation tube, and aeration stirring cultured for 17 hours. The 
resulting culture broth (1 ml) was centrifuged (1,000 X g, 10 minutes) 
to collect the cells, and the cells were washed with 10 ml of 0.2 M 
phosphate buffer (pH 7.3) containing 0.5 mM pyridoxal phosphate. 
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The cells were suspended in 1 ml of the same buffer and ultrasonically 
fractured. The fractured cells were removed by centrifugation 
(1,000 X g, 10 minutes) to obtain a cell extract. This cell extract was 
assayed for LAT activity. The results are shown in Figure 8. pCF301 
complemented the lat mutation in the second mutant. 
7. Heightening of homoglutamic acid-producing ability by pCF335 

A transformant obtained by transforming the wild type F. 
lute see ns IFO 3084 strain with pCF704 was designated wild type 
pCF704 strain, and transformants obtained by transforming the IFO 
3084 strain with plasmids pCF301 and pCF335 were designated wild 
type pCF301 strain and wild type pCF335 strain, respectively. These 
strains were inoculated into 3 ml portions of the screening medium 
containing 20 ng/ml kanamycin, respectively, and shaking cultured at 
32°C overnight. 100 fil portions of each of the culture broths as an 
inoculum were inoculated into 25 ml portions of a production medium 
(1.5 % polypeptone, 0.5 % yeast extract, 2.0 % lysine-HCl, pH not 
adjusted), and shaking cultured at 32°C for 24 hours, 48 hours and 72 
hours, respectively. The amount of homoglutamic acid in the super- 
natant of each of the culture broths was measured by HPLC. Namely, 
each of the culture broths was diluted with distilled water so that the 
total amino acid concentration could be on the order of 1,000 mg/L, 
and 50 \il of the dilution was transferred into a test tube and concen- 
trated to dryness. To the residue was added 50 jil of a mixed solution 
of phenyl isothiocyanate, triethylamine, ethanol and distilled water 
(1:1:7:2), and the mixture was stirred to make a solution, left alone at 
room temperature for 10 minutes and concentrated to dryness under 
reduced pressure. The residue was dissolved in 500 jil of Solution A 
as a mobile phase of HPLC, and 5 \il thereof was injected. The HPLC 
condition is as described in 5 of Example 1. 

As a result, as shown in Figure 9, the wild type pCF335 
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strain had homoglutamic acid-producing ability about twice higher 
than that of the wild type pCF704 strain. 



